Smilax canariensis Brouss. ex Willd. is an endemic plant of the Canary Islands. Its rhizomes, leaves and stems have been traditionally used in Canary folk medicine to treat a wide variety of conditions including pain. Our objective is to investigate the analgesic and anti-inflammatory activities of different extracts of S. canariensis in Swiss mice, using established biological models for pain and inflammation, such as phenylquinone writhing test, formalin test, tail-flick test and mouse paw edema induced by carrageenan. Oral administration of S. canariensis extracts significantly reduce writhing episodes evoked by phenylquinone injection in a dose-dependent manner; and higher doses result in a reduction of pain similar to or higher than that of the reference drug piroxicam (59.56%; p < 0.01). The extracts also cause a marked dose-dependent inhibition of formalin-induced pain in the second phase but only minimal inhibition of tail-flick behavior, suggesting that S. canariensis is not a centrally acting analgesic. Finally, in the carrageenan-induced hind paw edema model, the extracts show a moderate anti-inflammatory effect, the most active being the ethyl acetate fraction at 200 mg/kg p.o. (33.33%; p < 0.05). Our results suggest that S. canariensis extracts have clear dose-dependent peripheral analgesic effects, which lends support to the traditional use of this medicinal plant to treat pain associated with inflammatory or other processes.
Introduction
Pain constitutes a major public health problem and the primary reason why people seek medical care, and it limits productivity and diminishes the quality of life [1] .
There are several therapeutic protocols for the management of pain, the most widely prescribed being non-steroidal anti-inflammatory drugs (NSAIDs), such as aspirin and ibuprofen, which reduce prostanoid formation by cyclooxygenase (COX) inhibition, and opioids, such as morphine. However, these drugs have significant side effects that limit their use, and the use of NSAIDs is associated with gastrointestinal irritation and renal function abnormalities [2] , whereas opioid analgesics are limited by drug-induced tolerance, dependence and constipation. There is therefore a need for better analgesic and anti-inflammatory drugs without adverse side effects for the management of pain.
In this search, a large amount of experimental data has clearly demonstrated that plants of the genus Smilax have interesting anti-inflammatory and analgesic properties, among others [3] - [5] and seem to contain phenolic compounds and steroidal saponins as the main active principles [6] - [9] .
Smilax canariensis Brouss. ex Willd. (Smilacaceae) is an endemic species of the Canary Islands, popularly known as "Zarzaparrilla sin espinas". Its rhizomes, leaves and stems are habitually employed as an oral hot water infusion in Canary Islands folk medicine due to the wide variety of medicinal properties attributed to it, including diuretic and anti-spasmodic effects, among others [10] [11] .
Previous investigations on this species performed by our group have shown an interesting diuretic activity in laboratory assays, and chromatographic study by preparative thin-layer chromatography (TLC), and 1 H NMR spectroscopy has revealed the presence of two types of components, phenolic polar compounds and organic fatty acids [12] [13] .
Taking into account the traditional analgesic use of S. canariensis and the fact that the phenolic compounds have demonstrated interesting analgesic and anti-inflammatory properties [14] - [18] , we perform this research. The present study represents the first investigation into these activities of an aqueous, methanol extract and methanol extract fractions of this plant, employing laboratory mice as test animals.
Materials and Methods

Plant Material
Rhizomes, leaves and stems (20:40:40) of S. canariensis (Smilacaceae) were harvested in a place called Las Nieves on the island of La Palma, Canary Islands, and labeled Exp. NE. UTM E228098-N3177053. The species was identified by Dr. Pedro Pérez de Paz, Department of Plant Biology, University of La Laguna (Tenerife, Spain), where voucher specimens have been deposited (TFC 44393).
Extract Preparation
Rhizomes, leaves and stems of S. canariensis were dried in an oven at 40˚C for four days and then cut and ground to powder by mechanical milling. Then an aqueous extract at 5% from the dried powdered plant material was prepared by simulating the traditional method applied in Canaries. Amounts of 5 g of pulverized plant material were placed in 100 ml distilled boiling water and left at room temperature for 15 mins to infuse. Then it was filtered and lyophilized to obtain a powder with 15.2% yield.
In a second test procedure, the dried powdered plant material was submitted to a continuous extraction in a Soxhlet extractor (Sigma Aldrich, Germany) for 5 days using 100% methanol (Sigma, Spain) as a solvent. The solvent was then eliminated by vacuum distillation in a rotary vacuum evaporator (Buchler Corp.), with a yield of 15.29% of the dry material extracted.
The methanol residue was partitioned between water and organic solvents of increasing polarities, to yield four new fractions, including: n-hexane, dichloromethane, ethyl acetate and n-butanol. The yields obtained for each sub-extract with respect to the dry material were: 14.35%, 2.97%, 4.71% and 24.71% respectively.
For pharmacological studies, 1 ml/40g body weight (bw) of the lyophilized aqueous extract at doses of 190, 380, 570 or 760 mg/kg, the methanol extract at 100, 200 or 300 mg/kg bw, and the fractions at 100 and 200 mg/kg bw, suspended in 3% tween 80 (Ferosa, Spain) just before administration, was then given orally to laboratory mice. The test doses and fractions were based on those used in studies performed with this species in 2008 and 2012 by Abdala et al. [12] [13].
Animals
Experiments were performed using male and female Swiss mice (20 -30 g ) obtained from the Central Animal Laboratory of La Laguna University. Animals were housed at 23˚C ± 1˚C under a 12/12h light/dark cycle and with access to standard commercial diet and water ad libitum. On the day of experiment, after overnight fasting with water ad libitum, were acclimatized to the laboratory for at least 2 hours before performing any test and were used only once throughout the study. All procedures described here were performed according to the Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection of animals used for scientific purposes [19] , after approval by the Ethics Committee for Animal Research, La Laguna University (CEIBA 2011-0014).
Analgesic Activity
Siegmund's Test
Mice were divided into groups of six animals each in laboratory cages. Forty-five minutes after receiving oral administration of the aqueous extract at 190, 380 and 570 mg/kg, methanol extract at 100 and 200 mg/kg, methanol extract fractions at 100 and 200 mg/kg, piroxicam (Sigma, Spain) at 75 mg/kg (positive control) or 3% tween 80 (negative control) respectively, each mouse was intraperitoneally injected with a solution of phenylquinone at 4 mg/kg body weight (Sigma, Spain). Immediately after the algic compound injection, each animal was placed in a transparent observation cage and we counted the number of writhing episodes during 20 mins. Writhing activity consists of a contraction of the abdominal muscles together with a stretching of the hind limbs [20] .
Formalin Test
The procedure was essentially similar to that described previously by Hunskaar and Hole in 1987 [21] . One hour after oral administration of aqueous extract doses (190, 380 and 570 mg/kg), methanol extract doses (100 and 200 mg/kg), methanol extract fractions at 100 and 200 mg/kg, indomethacin (Sigma, Spain) at 20 mg/kg (positive NSAID control) or 3% tween 80 (negative control), and 30 mins after intraperitoneal administration of morphine (Braun Medical S.A., Spain), 20 µl of 2.5% formalin (formaldehyde 36.5% solution, Sharlau, Spain) in saline solution was subcutaneously injected into the right hind paw of each mouse (n = 6 per group). Immediately, the animals were placed individually into a glass cylinder (20 cm in diameter) and a mirror was mounted at an angle of 45˚ to allow clear observation of the animal's paws. The number of paw shakes (first phase) and the time in seconds the mice spent licking or biting (second phase) the formalin-injected paw was recorded, and taken as an indicator of pain response. Responses were measured between 0 and 5 min (first phase) and 15 -30 min (second phase) after formalin injection, representing both the neurogenic and inflammatory pain responses, respectively.
Tail-Flick Test
The procedure used was similar to that used by Alviano et al. in 2004 [22] with slight modifications. The apparatus used consisted of a circulating immersion water heater. The thermostat was adjusted so that a constant temperature of 52˚C ± 2˚C was maintained in the water bath. Before treatment, the terminal 3 cm of each mouse's tail was immersed in the water bath and the time in seconds taken to flick the tail was recorded. Only mice showing a pre-treatment reaction time less or equal to 4 seconds were selected for the study. Immediately after basal latency assessment, the three aqueous extract doses (190, 380 and 570 mg/kg p.o.), the two methanol extract doses (100 and 200 mg/kg p.o.), the four methanol extract fractions at 100 and 200 mg/kg p.o. each, the positive control morphine (10 mg/kg i.p.) or 3% 80 tween p.o. (negative control) were administered to groups of six mice and the reaction time was again measured 1 and 2 h after the treatment, except for morphine where measurement began 30 minutes after administration. Cut-off time was limited to 6 seconds for tail flick measurements to minimize tissue injury.
Anti-Inflammatory Activity: Levy's Test
Paw edema was induced according to the method described by Levy et al. in 1972 [23] . Mice were randomly divided into groups of six animals and pre-treated orally with four aqueous extract doses 190, 380, 570 and 760 mg/kg, three methanol extract doses (100, 200 and 300 mg/kg), two methanol extract fractions doses (100 and 200 mg/kg), piroxicam at 75 mg/kg (positive control), and 3% tween 80 (negative control). Thirty minutes later, edema was induced with the injection of 25 µl of saline solution carrageenan (Sigma, Spain) into the right hind paw. The inflammation was quantified by measuring the thickness of each foot with a calibrator at 2 and 4 h after carrageenan injection. Results were expressed as variation in thickness between the right and left paws at 4 h.
Statistical Analyses
Results are expressed as mean values ± standard deviation of the mean (X ± SD). The statistical evaluation was carried out by analysis of variance (ANOVA) followed by Dunnett's test, and a probability level lower than 0.05 was considered as statistically significant (Student's t-test).
Results
Antinociceptive Activity
Antinociceptive activity was evaluated by phenylquinone writhing test, formalin test and tail-flick test. The effect of S. canariensis aqueous extract, methanol extract, methanol extract fractions and reference drug piroxicam in phenylquinone-induced writhing is shown in Figure 1 . Piroxicam used at 75 mg/kg p.o. as the reference NSAID produced a significant strong analgesic effect (59.56%; p < 0.01) compared to the control group.
With respect to episodes of writhing, comparisons between the vehicle control group and experimental groups indicated that the oral administration of all extracts and fractions reduced phenylquinone-induced writhing in a dose-dependent manner. S. canariensis aqueous extract decreased the number of writhes by 5.33%, 19.17% and 42.53%, respectively for the three doses assayed. The highest aqueous extract dose (570 mg/kg p.o. p < 0.05) showed an inhibiting effect comparable to that produced by the positive control piroxicam.
When methanol extract was tested, it was found that both the doses assayed of 100 and 200 mg/kg p.o. caused dose-dependent inhibition (32.35% and 76.67% respectively) on the writhing responses when compared with control, producing the dose of 200 mg/kg p.o. a higher significant protection (p < 0.001) than the reference drug piroxicam.
With respect to the methanol extract fractions, only the ethyl acetate fraction at doses of 100 and 200 mg/kg p.o. showed significant analgesic activity with 71.81% and 75.70% (p < 0.001) inhibition respectively of phenylquinone-induced writhing episodes compared to controls, and this effect was also higher than that produced by the standard drug piroxicam.
The results of the antinociceptive effects of S. canariensis on formalin-induced paw pain response in mice are presented in Table 1 . As shown, all the oral extracts and fractions doses reduced the number of paw shakes and the time that the animal spent licking the formalin-injected paw in both the neurogenic and inflammatory phases. The opiate analgesic morphine caused a significant inhibitory effect on both phases of formalin-induced pain as compared to control, with values of 45.26 (p < 0.01) and 96.16% (p < 0.001) respectively, and indomethacin produced a significant effect, especially in the second phases (84.98%; p < 0.001).
During the first phase, oral pre-treatment with all the extracts slightly reduced the animal responses. The aqueous extract at 570 mg/kg, methanol extract at 200 mg/kg and ethyl acetate fraction at 200 mg/kg reduced the total number of paw shakes, by 19.97%, 20.05% and 20.40% respectively, in a similar manner than that produced by the NSAID indomethacin (28.55%; p < 0.05) when compared with the control group. Nevertheless, none of the extracts produced an inhibitory effect as great as morphine in this phase (45.26%; p < 0.01), chosen as opiate analgesic drug.
The inhibitory effects of S. canariensis extracts were in general more pronounced in the second phase at the same doses. Pretreatment with the three aqueous extract doses significantly reduced pain in this phase in a dosedependent manner by 38.16% (p < 0.05), 42.67% (p < 0.01) and 73.75% (p < 0.001) respectively. On the other hand, the methanol extract and the ethyl acetate fraction, both at 200 mg/kg, significantly reduced pain, with values of 56.20% and 53.01% (p < 0.01) respectively, when compared to vehicle control, remaining a little below the excellent values produced by the reference drugs used, indomethacin (84.98%; p < 0.001) or morphine (96.16%; p < 0.001) in this phase.
Concerning the antinociceptive effect of S. canariensis extracts and fractions on the tail-flick test in mice, while the reference opioid drug, morphine, produced a significant inhibition in the first and second hour after intraperitoneal injection (51.21% (p < 0.01) and 81.82% (p < 0.001) respectively), none of the extracts doses assayed produced an important increase in the reaction time to thermal stimuli; the most active dose resulted in a reduction of only 18.35%, well below the 81.82% of morphine (data not shown).
Anti-Inflammatory Activity: Levy's Test
The reduction in foot thickness after carrageenan-induced paw edema injection in animals treated with S. canariensis extracts and piroxicam in relation to the negative control group is presented in Figure 2 . The doses assayed of S. canariensis extracts and fractions were moderately active in a dose-dependent manner, with the aqueous extract at 570 and 760 mg/kg (16.67% and 23.50% respectively) achieving the greatest inhibition, fol- lowed by the methanol extract at 300 mg/kg (21.10%) and once again the ethyl acetate fraction at 200 mg/kg (33.33%; p < 0.05), at 4 h after carrageenan injection. Nevertheless, none of the extracts assayed showed the significant and high protection offered by piroxicam at 75 mg/kg (69.33%; p < 0.01).
Discussion and Conclusions
The in vivo effects of S. canariensis extracts, after acute treatments using analgesic and anti-inflammatory assays, were studied to substantiate the use of this species in traditional Canary folk medicine. Different irritant chemical agents can be used as nociceptive stimuli to assess pain and pre-clinically evaluate analgesic drugs, such as phenylquinone and formalin [24] . The phenylquinone-induced writhing test is used to assess peripheral anti-nociceptive effects of test compounds and is considered to be a visceral pain model [25] . This test is based on phenylquinone stimulation of nociceptive neurons by liberation of mediators such as histamine, serotonin, cytokines, and eicosanoids, especially prostaglandin E 2 (PGE 2 ) in the peritoneal fluid [26] . Activation and sensitization of peripheral chemosensitive nociceptive receptors by this mediator lead to constrictions of the abdominal wall and twisting of the trunk followed by extension of hind limbs, associated with development of peripheral inflammation [27] . Since S. canariensis extracts have shown significant activity against pain induced by phenylquinone, compared to the control group, these data indicate that S. canariensis extracts have an analgesic effect on inflammatory pain. This activity of S. canariensis extracts may be related to reduced liberation of inflammatory mediators or a direct blockage of receptors.
In order to obtain more specific evidence of the nociceptive activity of S. canariensis, formalin test was used. The formalin-induced nociception test, a reliable test to exploit analgesic activity, is used to measure the ability of a substance to attenuate moderate continuous pain generated by injured tissue. Behavioral indicators (paw shakes and licking) were used to assess the analgesic effect in this study. The early and late phases of formalin nociception are considered to represent neurogenic and inflammatory pain behavior, respectively [28] . The first phase (neurogenic pain) is acute and represents the direct chemical stimulation of nociceptors caused by a direct effect of formalin on sensory C-fibers, and is thought to involve substance P, glutamate and bradykinin. The second phase (inflammatory pain) is tonic and appears to be dependent on the combination of a central sensitization and an inflammatory reaction in the peripheral tissue, which releases nociceptive mediators including histamine, serotonin, PG and bradykinin [21] . Centrally acting drugs such as morphine inhibit both phases of pain, while peripheral acting drugs, such as acetylsalicylic acid, inhibit mainly the second phase [29] . In this study, the oral administration of S. canariensis extracts significantly reduced the number of paw shakes and licking in a dose-dependent manner, especially in the second phase of the formalin test, thus indicating a predominantly peripheral action. In order to rule out a possible central involvement in the antinociceptive effect of S. canariensis extracts and fractions, the tail flick test was conducted. This test uses a short thermal stimulus and the behavioral responses measured are considered to be supraspinally integrated responses, so it is suitable for evaluation of centrally but not of peripherally acting analgesic drugs. Compounds exhibiting good antinociceptive effect in this method may be considered as potent central analgesics [16] . Although S. canariensis displayed a significant antinociceptive response on Siegmund and formalin test, it produced a very slight effect on tail-flick test, which indicates little central neurotransmission [30] .
The results obtained suggest that S. canariensis extracts may act predominantly via inflammatory pain, so we studied their effects in a standard experimental model of acute inflammation, the carrageenan-induced paw edema. Carrageenan has been widely used as a noxious agent to induce experimental inflammation for the screening of compounds possessing anti-inflammatory activity [31] . This phlogistic agent, when injected locally into the rat paw, produces a severe inflammatory reaction, which is discernible within 30 mins [32] . In addition, this model is known to be the acute inflammatory model sensitive to COX inhibitors and has been used to evaluate the effect of NSAIDs, which primarily inhibit the COX involved in PG synthesis [33] .
Subcutaneous injection of carrageenan into the mouse paw produces inflammation resulting from a biphasic release of various inflammatory mediators. Histamine, serotonin and bradykinin are the first detectable mediators in the early phase of carrageenan-induced inflammation; PGs are involved in the increased vascular permeability and are detectable in the late phase of inflammation. Local and/or systemic inflammation is associated with enhanced levels of the pro-inflammatory cytokines TNF-α, IL-1, and IL-6 [34] . The initial phase of edema, which is not inhibited by NSAIDs such as indomethacin or aspirin, begins immediately after injection of carrageenan and diminishes in 2 h. It has been attributed to the release of histamine, 5-hydroxytryptamine (5-HT) and bradykinin. The second accelerating phase of swelling begins at the end of the first phase and remains through 3 to 5 h. It has been correlated with the elevated production of PGs, protease and lysosome, and more recently has been attributed to the induction of inducible COX-2 in the hind paw. This phase can be blocked by NSAIDs [35] . Local neutrophil infiltration and activation also contribute to this inflammatory response by producing, among other mediators, oxygen-derived free radicals such as superoxide anion ( 2 O − ) and hydroxyl radicals. Despite their involvement in natural processes, these reactive species (if released in excess) are able to oxidize cell membranes, alter protein structure and initiate degenerative processes [36] .
The in vivo anti-inflammatory activities of S. canariensis extracts and fractions against carrageenan-induced paw edema were confirmed with reduced paw volume in the second phase of swelling in the same manner as NSAIDs, however, the inhibition of mouse paw edema observed with S. canariensis extracts was relatively lower than that of the positive control, piroxicam.
In this assay and taking into account that anti-inflammatory activity may need higher doses of drugs, we introduced one more dose of each extract based on the fact that higher doses of S. canariensis may contain higher concentrations of active compounds and could therefore produce greater inhibition of carrageenan-induced edema, although only the two lowest doses of the aqueous extract here studied are used in traditional medicine.
Previous investigations by our group have shown an interesting dose-dependent diuretic activity in laboratory assays for the aqueous and several organic extracts of S. canariensis, which appeared to be related to its potassium content and to the presence of polar organic compounds (flavonoids and steroidal saponins) and organic fatty acids [12] [13] in the most active ethylacetate fraction.
The excellent results obtained in this study with the aqueous and methanol extract on analgesic and anti-inflammatory activities motivated further study into the demonstrated properties. That is why we proceeded to fractionate the methanol extract of the plant using various polar solvents. The new fractions were submitted to the same assays for anti-nociceptive and anti-inflammatory activities at 100 and 200 mg/kg bw, showing that the most effective dose was 200 mg/kg. Rather than attempt to determine dose/effect results with the sub-extracts, in this phase of the study we wished only to determine which of the fractions was most active, assuming that the most active fraction would contain the chemical compounds responsible for the activities under study.
Present data obtained using the purified S. canariensis fractions further demonstrate the interesting analgesic effects, more than the anti-inflammatory effects, confirmed for the aqueous and methanol extract of this species. Although all the fractions tested demonstrated a degree of analgesic activity, we observed a maximum expression and statistical significance with the polar ethyl acetate fraction that yielded excellent values of 75.70% and 53.01% analgesic activity in phenylquinone or formalin-induced pain respectively when compared with the control group. This significant activity was greater than that obtained using piroxicam (59.56%) but lower than those of morphine (96.16%) or indomethacin (84.98%), used as reference analgesic drugs.
The fact that the intermediate polar ethyl acetate fraction tested also produced the highest degree of analgesic activity leads us to conclude that the analgesic activity of the plant was possibly due to the presence of phenolic polar compounds and fatty acids previously identified in this fraction, favoring the hypothesis that both types of constituents appear to be involved in the pharmacological action observed. So these substances might be responsible, at least in part, for the observed activity and they may act individually or synergistically.
Numerous phenolic compounds, especially flavonoids, inhibit the inflammatory response and comprise the main class of compounds present in the Smilax genus. These active principles have been studied extensively for their various biological effects, and have demonstrated interesting analgesic and anti-inflammatory properties [14] - [18] .
It is possible that the analgesic and anti-inflammatory effect of the S. canariensis extracts is based on the presence of these active principles, which act by blocking COX and decreasing PG production, and 5-lipooxygenase pathways [17] [37] . Antinociceptive activity has been shown in acetic acid and p-benzoquinone-induced writhing tests [38] . Also, Fawzy et al. in 1988 [39] showed that flavonoids are inhibitors of phospholipase A 2 enzyme, which catalyzes the hydrolysis of membrane phospholipids to release arachidonic acid, a precursor of PG synthesis. In addition to phenolic compounds, S. canariensis contains other important secondary metabolites belonging to the class of fatty acids, which may also participate in modulating the anti-inflammatory response [40] .
Thus the phenolic compounds present in this plant may be responsible for anti-inflammatory and analgesic activities observed in S. canariensis. However, the involvement of other secondary metabolites, such as fatty acids, present in the plant cannot be ruled out.
Regarding adverse effects, neither the infusions nor the methanol extract used in the tests produced acute toxicity in the mice tested, as evidenced by the absence of mortality in the animals during the study period. Moreover, no macroscopic alterations were noted in the viscera of the treated mice after oral administration by means of a gastric catheter 1 ml/40g bw of increasing doses of the aqueous extract up to 5.0 g/kg bw fresh dry material and methanol extract up to 1 g/kg bw, respectively [12] . So the absence of acute toxicity lends support to the safety profile of S. canariensis since doses much higher than those typically used dosage in folk-medicine failed to elicit any toxic symptoms in the test rodents.
In summary, the present work shows for the first time that oral ingestion by mice of S. canariensis extracts safely produce marked antinociceptive effects in different experimental models of nociception. The results of phenylquinone-induced writhing test, formalin test, and tail flick test indicate that S. canariensis extracts act more peripherally than centrally to achieve pain relief. These extracts also showed a moderate anti-inflammatory activity.
Taking together all the data here obtained, we can affirm that these results clearly demonstrate the analgesic activity of S. canariensis in experimental animals, which supports the ethno-medicinal data available regarding this species. The fact that the simple infusions provided antinociceptive effects comparable to the more difficult to obtain methanol extract suggests that traditional folk-medicine infusions (aqueous extract) need not be replaced by more costly chemically processed products.
Conclusion
Our data seem to indicate that the analgesic effect of S. canariensis is associated with the phenolic compounds contained in the fraction of intermediate polarity (ethyl acetate), and decreased in the most extreme apolar and polar extracts (dichloromethane, n-butanol and methanol respectively). Further research is underway at our laboratory to determine the mechanism of these pharmacological actions, and particularly to identify the principal components using spectroscopic methods.
